
Circulating cytokines and monocyte
subpopulations as biomarkers of outcome and
biological activity in sunitinib-treated patients
with advanced neuroendocrine tumours
A J Zurita1, M Khajavi1, H-K Wu1, L Tye2, X Huang2, M H Kulke3, H-J Lenz4, N J Meropol5, W Carley2,6,
S E DePrimo2,6, E Lin1, X Wang1, C S Harmon*,2,7,8 and J V Heymach*,1,7

1University of Texas MD Anderson Cancer Center, 1515 Holcombe Boulevard, Unit 1374 Houston, TX, USA; 2Pfizer Inc., La Jolla,
CA, USA; 3Dana-Farber Cancer Institute, Boston, MA, USA; 4USC Norris Comprehensive Cancer Center, Los Angeles, CA, USA
and 5University Hospitals Case Medical Center Seidman Cancer Center, Case Comprehensive Cancer Center and Case Western
Reserve University, Cleveland, OH, USA

Background: Sunitinib is approved worldwide for treatment of advanced pancreatic neuroendocrine tumours (pNET), but no
validated markers exist to predict response. This analysis explored biomarkers associated with sunitinib activity and clinical benefit
in patients with pNET and carcinoid tumours in a phase II study.

Methods: Plasma was assessed for vascular endothelial growth factor (VEGF)-A, soluble VEGF receptor (sVEGFR)-2, sVEGFR-3,
interleukin (IL)-8 (n¼ 105), and stromal cell-derived factor (SDF)-1a (n¼ 28). Pre-treatment levels were compared between tumour
types and correlated with response, progression-free (PFS), and overall survival (OS). Changes in circulating myelomonocytic and
endothelial cells were also analysed.

Results: Stromal cell-derived factor-1a and sVEGFR-2 levels were higher in pNET than in carcinoid (P¼ 0.003 and 0.041,
respectively). High (above-median) baseline SDF-1a was associated with worse PFS, OS, and response in pNET, and high sVEGFR-
2 with longer OS (Pp0.05). For carcinoid, high IL-8, sVEGFR-3, and SDF-1a were associated with shorter PFS and OS, and high IL-8
and SDF-1a with worse response (Pp0.05). Among circulating cell types, monocytes showed the largest on-treatment decrease,
particularly CD14þ monocytes co-expressing VEGFR-1 or CXCR4.

Conclusions: Interleukin-8, sVEGFR-3, and SDF-1a were identified as predictors of sunitinib clinical outcome. Putative pro-
tumorigenic CXCR4þ and VEGFR-1þ monocytes represent novel candidate markers and biologically relevant targets explaining
the activity of sunitinib.

Carcinoids are low- to intermediate-grade neuroendocrine tumours
(NETs) arising outside the pancreas, whereas pancreatic NETs
(pNETs) typically behave more aggressively and respond more

frequently to cytotoxic chemotherapy (Pape et al, 2008; Oberg,
2009; Auernhammer and Goke, 2011). The widely heterogeneous
clinical behaviour correlates with histology and grade of
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differentiation, proliferation rate, site of origin, and the presence,
site, and extent of metastases (Panzuto et al, 2005, 2011; Pape et al,
2008; Bosman, 2010). Although surgery is potentially curative in
patients with early disease, patients with advanced stages have
limited therapeutic options (Auernhammer and Goke, 2011; Kulke
et al, 2011).

Agents targeting the vascular endothelial growth factor (VEGF)
signalling pathway are in clinical testing for patients with advanced
NETs. These tumours, particularly pNET, are highly vascularized
and express VEGF-A (henceforth referred to as VEGF) and its
receptors VEGFR-2 and VEGFR-3 (Hansel et al, 2003), suggesting
that VEGF activation may promote NET growth. In addition,
implicated in NET pathogenesis are the platelet-derived growth
factors (PDGFs; Fjallskog et al, 2003) and stem cell factor (SCF)
(Zhang et al, 2009). VEGF-targeted agents appear to be more
effective in pNET than in carcinoid, much similar to chemo-
therapy. Results from a randomized phase III trial (Raymond et al,
2011) led to the international approval of the multitargeted
tyrosine kinase inhibitor sunitinib (SUTENT, Pfizer Inc., New
York, NY, USA), which inhibits VEGFR-1, -2, and -3, PDGFR-a
and -b, and SCF receptor (KIT), for unresectable, locally advanced
or metastatic pNET.

Owing to the heterogeneity in clinical behaviour and treatment
response of NETs, to optimize treatment doses and combinations
and to discern mechanisms underlying resistance, biomarkers are
critically needed. No marker however has yet been fully validated
for any of these purposes, but circulating candidates for sunitinib
have been identified in different tumour types (Gerger et al, 2011).
Our goal was therefore to identify blood markers associated with
prognosis and/or sunitinib efficacy and biological activity in
patients with advanced pNET and carcinoid tumours, using
specimens from a phase II study (Kulke et al, 2008). We decided
to include VEGF, soluble (s)VEGFR-2, sVEGFR-3, interleukin
(IL)-8, stromal cell-derived factor (SDF)-1, and circulating
endothelial cells (CECs) in this analysis because of their
implication in angiogenesis and sunitinib’s activity, together with
the results of prior correlative studies, suggesting prognostic value
for circulating VEGF and IL-8 in NETs (Pavel et al, 2005; Deprimo
et al, 2007; Norden-Zfoni et al, 2007; Abdel-Rahman, 2014). As
specific types of myeloid cells are pro-tumorigenic and may
mediate anti-VEGF treatment resistance, we decided to include
them as well (Norden-Zfoni et al, 2007; Bergers and Hanahan,
2008; Du et al, 2008).

MATERIALS AND METHODS

Patients and treatment. The design and main results of the phase
II study (NCT00056693) are reported elsewhere (Kulke et al, 2008).
Briefly, patients with histologic evidence of pNET or carcinoid
tumours, who were not candidates for curative surgery were treated
with repeated self-administered 6-week cycles of oral sunitinib
(50mg per day for 4 weeks, followed by 2 weeks off treatment).
Patients were observed for response, survival, and adverse events,
and treatment was continued until disease progression, unaccep-
table toxicity, or withdrawal of consent.

Sample collection and analytical methods. All patients provided
written Institutional Review Board-approved informed consent to
collect blood samples for biomarker analysis. Specimens for soluble
protein assessment were collected on days 1, 14 (C1D14), and 28
(C1D28) of cycle 1, and days 1 and 28 of cycles 2� 4 (C2D1 refers
to cycle 2 day 1; online only). Vascular endothelial growth factor,
IL-8, sVEGFR-2, and sVEGFR-3 concentrations were measured
by enzyme-linked immunosorbent assay (ELISA). Stromal cell-
derived factor-1a, a small cytokine modulated by sunitinib (Ebos
et al, 2007), was measured in a subset of 28 patients with

corresponding peripheral blood mononuclear cell fraction speci-
mens available (Supplementary Table S1). Validated ELISA kits or
kit components (R&D Systems, Minneapolis, MN, USA) were used
to measure the proteins in heparin plasma.

EDTA plasma samples for combined trough levels of sunitinib
and its active metabolite SU12662 were obtained before dosing on
days 1, 14, and 28 of cycles 1, 2, and 3, respectively. All assays were
run under Good Laboratory Practice conditions, using previously
described liquid chromatography/mass spectrometry methodology
(Deprimo et al, 2007).

White blood cell (WBC) counts were obtained from automated
differentials. Circulating endothelial cells and myelomonocytic cell
subsets were quantified by eight-colour flow cytometry using a
FACSCanto analyser (BD Biosciences, San Jose, CA, USA).
Peripheral blood mononuclear cells were isolated and stained as
previously described, with modifications (Supplementary Methods,
Supplementary Figure S1, and Supplementary Table S2; Bergers
and Hanahan, 2008; Mancuso et al, 2009). To minimize inter-assay
variability, baseline and subsequent follow-up specimens from
individual patients were thawed and analysed in a single batch.

Statistical analyses. Wilcoxon signed-rank and rank-sum tests
were used to compare changes in soluble protein levels and cell
populations. Clinical benefit response (CBR) was defined as a
complete or partial response (by Response Evaluation Criteria in
Solid Tumors (RECIST)) or stable disease for X6 months. The
Spearman correlation coefficient was used to assess the relationship
between changes in cellular and plasma markers, and tumour
burden. Log-rank test was used to analyse progression-free survival
(PFS) and overall survival (OS). Cox proportional hazards models
were fitted to assess the association between clinical outcomes and
protein biomarkers. Owing to the exploratory nature of these
studies, screening candidate angiogenic markers for usefulness as
biomarkers in advanced NETs, no correction for multiple testing
was performed. All statistical analyses were completed using SAS
9.1 for Windows (SAS Institute Inc., Cary, NC, USA).

RESULTS

Baseline VEGF, sVEGFR-2, sVEGFR-3, IL-8, and SDF-1a. Of
the 107 patients receiving sunitinib, 105 (66 pNET and 39
carcinoid) had data evaluable for soluble biomarkers, with the
exception of SDF-1a (n¼ 28). The characteristics of the study
population were shown in the clinical report (Kulke et al, 2008). At
baseline, median SDF-1a and sVEGFR-2 concentrations were
significantly higher in pNET compared with carcinoid (1235.7 vs
414.8 pgml� 1, P¼ 0.003, and 9562 pgml� 1 vs 8722 pgml� 1,
P¼ 0.041, respectively; Table 1). Patients with pNET also showed
a trend towards higher VEGF levels. Baseline sVEGFR-3 and IL-8
did not differ between tumour types. No correlation was found
between the concentrations of four of the soluble factors and the
tumour burden (estimated using RECIST’s sum of longest
diameters (SLD)), using a regression model (r¼ 0.0059 for VEGF,
r¼ 0.0005 for sVEGFR-2, r¼ 0.0166 for sVEGFR-3, and
r¼ 0.0297 for IL-8; all P40.05).

Changes in soluble protein biomarkers during treatment and
correlation with drug exposure. At C1D28, sunitinib treatment
was associated with significant increases from baseline in VEGF,
IL-8, and SDF-1a, and decreases in sVEGFR-2 and sVEGFR-3
(Table 1 and Supplementary Figure S2), with no difference between
tumour types (Table 1). Very mild to moderate but significant
correlations between plasma trough drug levels (Cmin) by C1D28
for sunitinib and changes in VEGF (r¼ 0.30, Po0.001), sVEGFR-
3 (r¼ 0.23, Po0.001), and IL-8 (r¼ 0.09, P¼ 0.014) were found
in patients with pNET, but not for sVEGFR-2 (r¼ 0.05,
P¼ 0.067). In patients with carcinoid tumours, only sVEGFR-3
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concentrations (r¼ 0.33, Po0.001) correlated with drug level.
However, no correlation was observed for VEGF (r¼ 0.06),
sVEGFR-2 (r¼ 0.02) or IL-8 (r¼ 0.10).

Relationship between protein biomarkers and outcomes

Pancreatic NET. No significant associations were found between
soluble protein levels and CBR or PFS (Table 2). However, above-
median (‘high’) baseline sVEGFR-2 levels predicted for longer OS
(P¼ 0.01, hazard ratio (HR): 0.22, 95% confidence interval (95%
CI): 0.06–0.78).

Carcinoid tumours. Only baseline IL-8 levels were lower in
patients with CBR (11.3 vs 30.8 pgml� 1; P¼ 0.005). High
sVEGFR-3 and IL-8 levels correlated with shorter PFS
(P¼ 0.006, HR for progression/death: 3.91, 95% CI: 1.38–11.10
and P¼ 0.045, HR: 2.58, 95% CI: 0.98–6.78, respectively) and
shorter OS (P¼ 0.047, HR for death: 3.23, 95% CI: 0.96–10.88 and
P¼ 0.014, HR: 5.51, 95% CI: 1.20–25.32, respectively; Table 2 and
Figure 1).

Stromal cell-derived factor-1a. Owing to the limited number of
samples (n¼ 28; 14 pNET and 14 carcinoid), the relationships
between SDF-1a and outcomes were investigated in all available
patients as a group. In this cohort, the two disease groups

(Supplementary Table S1) did not differ in terms of PFS (P¼ 0.06)
or OS (P¼ 0.48). Progression or death occurred in 22 patients.
Using fitted Cox models for PFS and OS that included SDF-1a
concentrations and disease group as covariates, high SDF-1a
predicted for an increased risk of progression or death (PFS:
P¼ 0.005, HR: 3.59, 95% CI: 1.47–8.76 and OS: P¼ 0.02, HR: 2.34,
95% CI: 1.16–4.72). Patients achieving CBR had lower SDF-1a
concentrations (median 418 (range 210–1760) vs median 1069
([range 229–2219) pgml� 1; P¼ 0.04).

Changes in WBC and monocyte subsets during sunitinib
treatment. All WBC types, except lymphocytes and basophils,
showed highly significant changes during the first three cycles of
sunitinib, most notably a decrease in monocytes (greater than for
any of the other WBC types, with the exception of that for
neutrophils on C1D28; Wilcoxon signed-rank test; Figure 2A, and
Supplementary Tables S3 and S4). The decrease in monocyte count
correlated negatively with the plasma trough drug levels (Cmin) by
C1D28 (r¼ –0.22, P¼ 0.03).

Peripheral blood mononuclear cell specimens from 17 patients
were assessed by flow cytometry at baseline, C1D14, C1D28, and
C2D1. On sunitinib, CD14þ monocyte subpopulations decreased,
in particular those bearing VEGFR-1 or CXCR4 (median change
from C1D1 to C1D14, –50 cells per ml and –5 cells per ml,
P¼ 0.04 and P¼ 0.03, respectively; median change from

Table 1. Baseline levels of soluble proteins and ratios of C1D28 to baseline levels during sunitinib treatment

Biomarker
All patients, median

(range) N P-value
Carcinoid tumour,
median (range) N

pNET, median
(range) N P-valuea

VEGF Baseline, pgml�1 38.6 (8.2–408.5) 101 30.1 (9.2–138.9) 37 43.4 (8.2–408.5) 64 0.069

VEGF C1D28:C1D1 3.4 100 o0.0001 3.6 35 3.2 65 0.599

sVEGFR-2 Baseline, pgml� 1 9120 (3251–15 689) 104 8722 (3251–12 776) 39 9562 (3894–15 689) 65 0.041

sVEGFR-2 C1D28:C1D1 0.7 102 o0.0001 0.8 37 0.6 65 0.105

sVEGFR-3 Baseline, pgml� 1 100 850 (30 700–2 569000) 104 96 800 (43 500–2 569000) 39 100 800 (30 700–168 400) 65 0.817

sVEGFR-3 C1D28:C1D1 0.6 98 o0.0001 0.6 34 0.6 64 0.429

IL-8 Baseline, pgml� 1 16.9 (3.3–763.1) 104 15.0 (3.3–763.1) 39 17.6 (6.1–130.3) 65 0.302

IL-8 C1D28:C1D1 1.8 99 0.008 1.4 36 1.8 66 0.528

SDF-1a Baseline, pgml� 1 583.4 (209.9–2218.8) 28 414.8 (209.9–2218.8) 14 1235.7 (285.7–2049.8) 14 0.003

SDF-1a C1D28:C1D1 1.2 21 0.027 1.8 10 1.1 11 0.053

Abbreviations: C(N)D(N)¼ cycle number, day number; IL-8¼ interleukin 8; pNET¼pancreatic neuroendocrine tumour; SDF-1a¼ stromal cell-derived factor 1a; sVEGFR-2¼ soluble VEGF
receptor 2; sVEGFR-3¼ soluble VEGF receptor 3; VEGF¼ vascular endothelial growth factor. P-values o0.05 are underlined and shown in bold.
aWilcoxon rank-sum test comparing carcinoid with pNET.

Table 2. Correlation between plasma markers and outcomes by tumour type

Carcinoid tumour pNET

PFS OS PFS OS

Biomarker
Median
(range) N P-values

HR
(95% CI) P-values

HR
(95% CI)

Median
(range) N P-values

HR
(95% CI) P-values

HR
(95% CI)

VEGF
Baseline,
pgml� 1

30.1
(9.2–138.9)

37 0.479 0.715
(0.280–1.826)

0.86 0.325
(0.085–1.257)

43.4
(8.2–408.5)

64 0.237 1.533
(0.751–3.130)

0.215 2.004
(0.653–6.146)

sVEGFR-2
Baseline,
pgml� 1

8722
(3251–12 776)

39 0.191 1.87
(0.72–4.88)

0.698 0.797
(0.251–2.524)

9562
(3894–15689)

65 0.206 0.639
(0.317–1.290)

0.010 0.2152
(0.059–0.780)

sVEGFR-3
Baseline,
pgml� 1

96800
(43 500–2 569000)

39 0.006 3.91
(1.38–11.10)

0.047 3.227
(0.957–10.88)

100 800
(30 700–168 400)

65 0.091 0.549
(0.271–1.113)

0.893 0.929
(0.319–2.706)

IL-8 Baseline,
pgml� 1

15.0
(3.3–763.1)

39 0.045 2.58
(0.985–6.780)

0.014 5.507
(1.198–25.32)

17.6
(6.1–130.3)

65 0.135 1.700
(0.839–3.446)

0.137 2.351
(0.737–7.503)

Abbreviations: CI¼ confidence interval; HR¼ hazard ratio; IL-8¼ interleukin 8; OS¼overall survival; PFS¼progression-free survival; pNET¼pancreatic neuroendocrine tumour; sVEGFR-2¼
soluble VEGF receptor 2; sVEGFR-3¼ soluble VEGF receptor 3; VEGF¼ vascular endothelial growth factor. P-values o0.05 are underlined and shown in bold.
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C1D1 to C1D28, –54 cells per ml and –3 cells per ml, P¼ 0.02 and
P¼ 0.07, respectively; Wilcoxon signed rank-sum test; Figure 2B
and Supplementary Table S5).

Changes in CECs. During the first sunitinib cycle, mature CECs
decreased from baseline in the 17 available specimens (median
change –3 cells per ml and –4 cells per ml, P¼ 0.037 and P¼ 0.045
for D14 and D28, respectively). There were no significant changes
in circulating endothelial progenitor (CEP) cell levels during

cycle 1 (not shown) or in CEC subtypes at day 42 relative to
baseline (after 2 weeks off therapy).

Exploratory correlations between changes in cellular and plasma
markers. Change from baseline to C1D28 in monocyte count
showed moderately positive correlations with sVEGFR-3 change in
all patients (r¼ 0.32, P¼ 0.002, particularly in those with
carcinoid (r¼ 0.37, P¼ 0.04)), and with sVEGFR-2 changes in
patients with pNET (r¼ 0.31, P¼ 0.01; Table 3).

Positive correlations were observed between changes in IL-8 and
CXCR4-expressing monocytes and CEP (r¼ 0.58, P¼ 0.03 and
r¼ 0.71, P¼ 0.006, respectively), suggesting that IL-8 may
contribute to mobilization and/or tumour recruitment of these
cells. Negative correlations were found between changes in
sVEGFR-2 and sVEGFR-3, and mature CEC (r¼ –0.62, P¼ 0.03
and r¼ –0.58, P¼ 0.04, respectively; Table 4), adding to their
pharmacodynamic value.

DISCUSSION

Molecular classifiers are urgently needed to better assess prognosis
and optimize drug selection in NET. This analysis of circulating
protein and cellular biomarkers in sunitinib-treated patients with
pNET and carcinoid identified differences between tumour types
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Figure 1. Kaplan–Meier estimates of PFS and OS for IL-8 and sVEGFR3 in carcinoids.
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Table 3. Correlation between change from baseline to C1D28
in monocyte count and plasma markers

Correlation with change in monocytes, expressed
as Spearman correlation coefficient (r)/P-value

Carcinoid tumour
(n¼37)

pNET
(n¼62)

All patients
(N¼99)

Change in VEGF �0.25/0.16 �0.13/0.33 � 0.17/0.10

Change in sVEGFR-2 0.130/0.46 0.31/0.01 0.19/0.07

Change in sVEGFR-3 0.37/0.04 0.22/0.10 0.32/0.002

Change in IL-8 �0.06/0.75 �0.10/0.45 � 0.07/0.53

Abbreviations: IL-8¼ interleukin 8; pNET, pancreatic neuroendocrine tumour; sVEGFR-2¼
soluble VEGF receptor 2; sVEGFR-3¼ soluble VEGF receptor 3; VEGF¼ vascular endothelial
growth factor. Correlation coefficients with P-values p0.05 are shown in bold.
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and new candidate markers associated with outcomes, offering
fresh insights into the biological activity of sunitinib and its
mechanism of action.

Pre-treatment concentrations of SDF-1a and sVEGFR-2 were
higher in pNET compared with carcinoid tumours, supporting the
notion that pNET malignancies are generally more angiogenic
(Panzuto et al, 2011). In contrast to what has been observed in
other tumour types (at least for IL-8 and in animal tumour models
for sVEGFR-2; Ebos et al, 2008; Sanmamed et al, 2014), we found
no correlation between the levels of any of the five soluble
biomarkers evaluated and tumour burden (as assessed by the SLD).
Changes in VEGF, sVEGFR-2, sVEGFR-3, SDF-1a, and IL-8
during the first cycle of sunitinib treatment were independent of
tumour type and were similar in range to those in patients with
renal cell and hepatocellular carcinomas and GIST (Deprimo et al,
2007; Norden-Zfoni et al, 2007; Harmon et al, 2011). Most of these
changes are related to the effects of the drug on host rather than
tumour cells (Ebos et al, 2007; Lindauer et al, 2010).

Sunitinib exerts antitumour and antiangiogenic effects via
tyrosine kinase inhibition on signalling cascades that regulate
tumour growth, survival, and angiogenesis. Although the biologic
targets of sunitinib are known and clinically validated, the cellular
and molecular determinants of clinical benefit are still unclear. In
our study, high pre-treatment sVEGFR-2 levels were associated
with longer OS in patients with pNET, the first such report to the
best of our knowledge. Other groups however have shown high
levels of sVEGFR-2 to predict for PFS benefit from anti-VEGF
treatment in different cancer types, including metastatic NETs
(Cameron et al, 2013; Grande et al, 2013; Miles et al, 2013;
Cremolini et al, 2014). VEGFR-2 plasma levels are thought to be
modulated by VEGF and possibly serve as a surrogate biomarker
for VEGF-dependent tumour growth (Ebos et al, 2008). In patients
with carcinoids, low pre-treatment IL-8 levels predicted for CBR,
longer PFS, and longer OS, indicating that IL-8 is a candidate
marker of prognosis and/or sunitinib treatment benefit in these
patients. Indeed, IL-8 has been reported as possibly prognostic in a
smaller study that included carcinoid, pNET, and poorly
differentiated neuroendocrine carcinomas (Pavel et al, 2005),
perhaps through its effects favouring angiogenesis (directly on
endothelial cells and by attracting myeloid cells to the tumour) and
malignant cell proliferation and migration. High IL-8 expression
has also been linked to prognosis (Tran et al, 2012) and sunitinib
resistance in renal cell carcinoma (Huang et al, 2010). The relative
importance of IL-8 in the biology of carcinoids however remains

an open question. Regarding sVEGFR-3, we observed that low
baseline levels also predicted for longer PFS and OS in carcinoid
tumours. VEGFR-3, which is restricted in expression to the
mucosal lymphatics of the intestines (not in blood capillaries;
Partanen et al, 2000), may be an important sunitinib target in this
tumour type through its role in lymphangiogenesis (Alitalo and
Detmar, 2012).

We found low SDF-1a concentrations associated with CBR and
longer PFS and OS in a pooled subgroup of patients including both
carcinoid and pNET. Consistently, high expression of SDF-1 in
pNET cells in tissue was previously linked to variables representing
tumour growth and metastasis (Takahashi et al, 2007), while the
expression of its receptor CXCR4 has been implicated in the
metastatic potential of ileal carcinoid tumours (Arvidsson et al,
2010). Our findings suggest that the SDF-1a/CXCR4 pathway and
the relative value of IL-8, sVEGFR-2, and sVEGFR-3 should be
further investigated in well-differentiated NET in comparison with
other emerging markers of prognosis such as chromogranin A and
neuron-specific enolase (Yao et al, 2011; Chou and Chang Gung,
2013).

Among WBC types, sunitinib led to a distinct decrease in
monocytes, specifically CD14þ monocyte subpopulations bearing
VEGFR-1 and CXCR4, suggesting that these cells may be useful
markers of sunitinib activity and response. The rationale for
evaluating monocyte subsets was threefold. First, they express
molecular targets for sunitinib: we previously showed that the
majority of VEGFR-1-expressing WBCs in peripheral blood are
CD14þ monocytes (Norden-Zfoni et al, 2007), which can co-
express other targets such as PDGFR, KIT, and CD115. Second,
myelomonocytic cells under different designations facilitate
angiogenesis, tumour progression, and metastasis (Bergers and
Hanahan, 2008; Du et al, 2008). Third, they have been implicated
in tumour refractoriness to anti-VEGF therapy in animal models
(Bergers and Hanahan, 2008). Together, our results suggest that
the specific targeting of VEGFR-1 and CXCR4 monocytes may be a
novel and important contributor to the effectiveness of sunitinib
and perhaps other VEGFR-targeted agents in NET and other
cancer types. Compared with CECs, the evaluation of myelomo-
nocytic cell subpopulations in clinical specimens is more robust.
CECs are extremely rare (1–2 orders of magnitude less common
than VEGFR-1 monocytes in this study) and difficult to reliably
quantify. Future studies should be considered in larger, more
homogeneous patient sets to better assess correlations with
prognosis and/or treatment outcomes.

Table 4. Correlation between changes from baseline to C1D28 in soluble protein and cellular biomarkers (monocytes and CEC)

VEGF sVEGFR-2 sVEGFR-3 IL-8 SDF-1a

VEGFR-1þ monocytes
Spearman correlation coefficient –0.25275 –0.23956 0.51648 –0.07253 0.21818
P-value 0.4048 0.4094 0.0586 0.8054 0.5192
Sample size 13 14 14 14 11

CXCR4þ monocytes
Spearman correlation coefficient 0.09341 –0.35824 0.01538 0.57802 0.31818
P-value 0.7615 0.2085 0.9584 0.0304 0.3403
Sample size 13 14 14 14 11

CEP
Spearman correlation coefficient –0.01408 0.01657 0.35360 0.71272 –0.30277
P-value 0.9653 0.9571 0.2359 0.0063 0.3655
Sample size 12 13 13 13 11

CEC
Spearman correlation coefficient 0.49650 –0.61538 –0.57692 –0.05495 0.57273
P-value 0.1006 0.0252 0.0390 0.8585 0.0655
Sample size 12 13 13 13 11

Abbreviations: CEC¼ circulating endothelial cell; CEP¼ circulating endothelial progenitor cell; SDF-1a¼ stromal cell-derived factor 1a; VEGFR-1þ ¼ vascular endothelial growth factor
receptor. Correlation coefficients with P-values p0.05 are shown in bold.
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As all patients in our study received sunitinib, we
cannot determine whether the associations between biologic
and clinical endpoints were treatment related. Moreover,
we did not use corrections for multiple testing, because our
goal was to be inclusive and not miss any candidate biomarker
in the limited sample set. Our findings regarding IL-8
and sVEGFR-3 in carcinoid tumours, sVEGFR-2 in NETs, and
SDF-1a in both should therefore be viewed as exploratory,
and will require further evaluation and confirmation in
future studies and clinical trials. The effects of sunitinib
on VEGFR-1- and CXCR4-expressing myeloid cells may be
mechanistically important to explain clinical effects in specific
cancer types.
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